- AD-A134 562

UNCLASSIFIED

EFFECT OF PRESSURF ON CONDUCTIVITY IN POLY!ETHYLENE [FA . ™
OXIDE) COMPLEXED WITH ALKALT METAL SALTS(U)] NAVAL )
ACADEMY ANNAPOLIS MD DEPT OF PHYSICS

J J FONTANELLA FT AL MAY R3 TR-7 F/G6 7/3 NL




[IE

——— m ™ lg
woog,

g

=
22 s

==
ll=

nm-o

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




et e, R

AD-AI8Y 563l

OFFICE OF NAVAL RESEARCH
i

Contract N00014-83-AF-00001

Task No. NR 627-793

TECHNICAL REPORT NO. 7

EFFECT OF PRESSURE ON CONDUCTIVITY IN POLY(ETHYLENE OXIDE)
COMPLEXED WITH ALKALI METAL SALTS
by

John J. Fontanella and Mary C. Wintersgill

Prepared for Publication

in

Proceedings of the 4th International
Conference on Solid State Ionics to be
published as a special issue of "Solid State Ionics".

U. S. Naval Academy
Department of Physics
Annapolis, MD 21402

| DTIC

Reproduction in whole or in part is permitted for FLECTE
any purpose of the United States Government ;
E % NOVS 1983

This document has been approved for public release
and sale; its distribution is unlimited

DTIC FILE copy

i!,i; 'l.]L ()'z' ():‘.‘5




SECURITY CLASSIFICATION OF THIS PAGE (When Deta Bntered)

. REPORT DOCUMENTATION PAGE  RERD ETRUCTIONS
1 AL LT 143 7. 0QYT ACCESYON NOJ 3. BACIPIENT'S CATALOG NUMBER
j 7 /;l

[ 4. TITLE (and Subtitle)

EFFECT OF PRESSURE ON CONDUCTIVITY IN
POLY (ETHYLENE OXIDE) COMPLEXED WITH
ALKALI METAL SALTS

7. AUTHOR(s) ®. CONTRACY OR GRANT NUMBER(S)
JOHN J. FONTANELLA,
MARY C. WINTERSGILL

S. TYPE OF REPOAT & PERIOD COVERED

| Interim Technical Report b
6. PERFORMING ORG. REPORT NUMBER

NO00148 3AF00001

. P;;;:;?;G])O::;:I:n:;’:: NAME AND ADDRESS 0. P:gg‘kgOERL"Ensrf?NPuﬂuo.JggT TASK
U. S. Naval Academy

Annapolis, MD 21402 NR No. 627-793
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Office of Naval Research May 1983

Attn: Code 413, 800 N. Quincy St. 3. NUMBER OF PAGES

Arlington, VA 22217 7

T4. MONITORING AGENCY NAME & ADDRESS(!! dilferent from Controlling Oftice) | 18. SECURITY CLASS. (of thie report)

T5a. D!C&.ASSI'ICATIONJ DOWNGRADING
SCHEDULE

rer——e————

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release and sale.
Distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, it different from Report) q

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)
Solid electrolytes, polymer electrolytes, Poly(ethylene oxide),

polymer slat complexes, pressure, Activation volume, free volume,
dynamical diffusion theory.

L;O- ABSTRACT (Continve on reverse side If necessary and identify by block number)

_A,;7Audio frequency complex admittance measurements at a number of temperatures
have been performed on PEO complexed with various alkali metal perchlorates
and thiocyanates at pressures up to 0.2 GPa. In gemeral, the activation
volumes tend to increase with the size of both the cation and anion. The
trend 18 best explained 1f the ion transport mechanism involves both anions
and cations. The results are in good agreement with the predictions of a
dynamical diffusion theory with an attempt mode Gruneisen —

DD ‘jon'ss 1473  xoimion oF 1 nov 6818 oBsOLETR

$/N 0102-014- 6601
l SECURITY CLASSIFICATION OF THNIS Pack m Bete Bntove)

{




JaLURITY CLASSIFICATION OF THIS PAGE(When Date Bntered)

—>“ parameter appropriate for interchain vibrations.

Accessiqg Yor
NTIS GRARI :ii
DTIC TAB a

Unannounced O
Justification

By.
Distribvtion/ .
Availability Codes
"~ Avpil aad/for
Dist | occial

H’\h -

This implies that

diffuaion takes place via interstice~interstice hopping of the ions.
Next, it is shown that free volume considerations lead to unreasonable
results if To is interprected as the glass transition temeperature.
Finally, the effect of pressure on the activation volume is detcr-ined.a——«

SECURITY CLASBIFICATION OF THIS PAGR(When Dote Bntered)

a —r———




LEELCT OF PRESHURE ON CONDUCTIVITY IN POLY(ETHYLENE OX1DE)
COMPLEXLU WITH ALKALT METAL SALTY

J. J. bontanella, M. C. Wintersgill, J. P, Calame, F. P, Purse!l, and D. R, [ juerpa
Physics Department, U. 5. Naval Academy, Annapolis, Md. 21402, USA

C. G. Andeen
Physics Deparment, Case Western Reserve University, Cleveland, Ohio, 44106, USA

Audio trequency complex adimttance measurements 3t a number of terperatures have been
performed on PLO complexed with various alkali metal perchlorates and thiocyanates at
pressures up to J.3 Li'a. In yeneral, the activation volumes tend to increase with the
size of both the cation and anion. The trend is best explained if the ion transport
mechanism involves both anton, and cations,  The resuits are in guod agreement with
the predictions ot a dynamical diffusion theory with an attempt mode Gruneisen
parameter appropriate for interchain vibrations. This implies that Jdiffusion takes
place via interstice-interstice hopping of the ions. Next, it is shown that free
volume consideration, lead to unreasonable results if Tg is interpreted as the glass
transition temperature. Finally, the etfect of pressure on the activation volure is

determined.

. INTRODUCTION became lower for the lower frequencies.
This effect can be seen in Figure 1

lon conduc?ing polylethylene uaide)(PLO) has where the results for PF0g-NaCl0a are
been attracting a great deal ot attentionl-24 shown. This 14 due to enhanced blocking
because of possible application as the electro- electrode effects. However, this
Tyte in sulid state batteries. As the effect of dispersion has little effect on the zero
pressure on the conductivity provides useful pressure stope, though the curvature is affected
information concerning ion transport, such soimewhat. Int this paper, the 10,000 Hz data
studies ot PEY complesed with various salts were will be taken to represent the conduc!ance of
undertaten and the resulty are presented here, the sampic.
2. UAPERIMENT AND RESULTS Two different high pressure borbs were used,

) _ 6 ‘ cach with a design similar to that described
Frimae of PEO (Polyscicnces, MW 5x10°) with eluewhere.25  The pressures were generated using

various gmounts ot dalkaly metal perchlorates and
thiglyanates were prepared as Jdesombed elawe-
where 1 Ay before, aluminus elect rudes woere
evapurated onto the wrfaces.  Une face had a o o T U
central aivcuiar electrode ot about o

diagiicter whit o tee otner was about 10 mm oin

digreter. The samples were 6. L-0.% mm thick, -1
The configuration was chosen to be optimal for 5
the dapparatus used. Such a configuration does
not readily yield absolute values of the
conductivity at a high accuracy. however, since
tne primary goal of the present work is the
relative change in conductance with pressure,
this was considered to be a reasonable
procedure.

E I Ui

-12 }

-13

Ln(G(ohm=1))

a4

The complex adimttanoe measurerents were made -14

using a fully autowated microproces«wor- + A
controlled bridge constructed by one of the 15 +
authors (CGA). The bridye operates at five -
audio frequencies from 100-10,000 Hz, and i4 as 0 0.06 0.12 018 0.24 0.3
accurate as the best commercially available P(GPa)

manual bridyes (General Radio 1616, for cxample).

At the relatively low temperatures of the Figure 1: ln(G(ohm)’]) vs. P{GPa} for PLOg-NaCl
present work, ?t was found that there was at 314.9K. The data are: o-&ncroaxinq prgs'?zf‘eo4
usually very Jittle difference between the 1,000 and x-Decreasing pressare at 10,000 Hz: +-1a-

and 10,000 Hz values of conductance. even though creasing pressure and C-Decreasing pro:sure at
ghe samples were rather thin, As pressure L0002 The wolid Vine i the best fit -urye
increased, Ynuever, the apparent condud tance o the 10,0000 Hp data.
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able T Various experimental and theoretical results related to the otrect ot pressure un the

omie ceontucttyity in FEO complexed with alkali metal altsy.

Material

At gt I(K) g ;.‘l)) u\urd;“ brua) ”
Numln'»v; 0
PEO, LNy
1 30 B P -12.4 4.4
1 J -1 -i2.b 5.8
PE.OB-LI(.H)A
1 S 10w 10 6.1
1 /.0 -9.7 -14.0 16.5
1 315, -8.3 -14 95 13.1
2 {gas) Jlu.2 -9.7 -14.4 19.2
3 310 -9.7 -12.0 4.1
Y r
f[UH‘Nabloa
1 306.9 -12.1 -17.6 21.3
! 310.4 -11.9 -18.5 23.9
! 314.9 -10.6 -17.8 17.8
] 320.4 -9.7 -16.8 15.1
] 29.8 -8.2 -21.4 20.5
2 309.6 -1 -15.6 15.9
3 309 .6 -11.38 -13.5 9.1
2 RYZ IS -8.7 -18.7 21
3 324 .8 -9.7 -1y 2.7
Flo, | -Nache,
4D t
1 PRt -11.0 -1od 11.5
! 303.9 S10Lh 1600 6.7
i 31Q.0 -10.0 -14.7 7.0
| 35,5 -9.3 -14.3 8.1
1 323.4 -8.6 -13.9 8.2
PL04.5-NJDCN
| 310.2 -6.2 -10.0 V.7
1 318.2 -5.4 -10.6 3.2
* 1 - -9.0 -
* 318.5 - -9.0 -
LU, (Kbt
]
i 310.2 -9.8 -10.7 5.0

glev) v(cm3/mol) Y R (GPJ)" v/
v v

32.3 1.2 0.72 G

33.7 1.31 0.91 4

0.76 30.3 1.77 1.3 [

0.76 36.4 U 2.3 1Y

0.76 38.6 2.25 1.8 15

0.76 37.8 2.20 2.5 22

0.76 3.5 1.83 0.66 6

0.92 45.5 2.20 2.4 20

0.92 48.4 2.33 2.5 21

0.92 47.3  2.28 2.0 17

0.92 45.4 2.19 1.7 15

0.92 59.5 2.87 1.9 16

0.92 40.7 1.96 2.0 1/

0.92 35.2 1.69 1.3 11

.92 51.7 2.47 2.7 19

0.492 51.7 250 2.3 70

0.78 44 .9 2.55 1.2 11

0.78 39.0 27 .87 7

0.78 38,4 2019 .94 3

0.78 et 2. 17 .15 10

0.78 38.0 2.16 1.14 10

41(0.76) 26.6 2.88(1.54) 0.33 3
41{0.76) 29.0 3.14(1.69) 0.%9 5
31{0.76) 24.9  2.70(1.45) - -
41(0.76) 24.6 2.66(1.44) - -
1.10 27.9 1.13 0.2 a

*Sample provided by R, Dupon and D.F. Shriver, Northwestern Univeraity

bty araon and nitrogen gases oy well as
Spinesstie S eils The measurenents ot the
pressure were made using a Heise 7 kbar Bourdon
tube pressure gauge.  Inomany cases, the data
runs using either argon or nitrogen gas as the
pressurising pedium proved not to be entively
satinfactory. The samples frequently failed
after one or two data runs, cither by an
apparent short circuit or by generating a
voltage. Furthermore, the samples turned white
during the pressure run.  All the sarples
returned to their initial tvansparency after
heating at T00C in vacuum for a few hours,
Using the Spinesstic 22 as the pressure fluid,
however, the -amples, <howed no such cffects and
the change in appedarance of the samples i
therefore attributed to dissolved gas in the
samples. However, the dissolved qas had very
little effect on the conductivity a« can be seen

in Tigqure 2 where the results for PEOu-1 10104
obtained using both gas and oil are <hown.
Clearly, the effect of pressure on the con-
ductivity s independent of the pressurising
medium,  Samples removed from the pressure bomb
after a week of constant inmersion in the
Spinesstic & were scrutinised for sians of
swelling or chemical interaction but none showed
any effects from the oil.

In interpreting the results, the equation:
In(G) - ln(GO) +aP 4 bP¢ o)

where G, a, end b are constants, was best-
fitted “to the data. G is the conductance in
-1 and P is the pressure in GPa. The results

of the best-fits are listed above in

Table 1.

Ty e




3. Discussion

The date were used to calculate an activation
volume associated witee the conduction process.
The activation volume is defined as:

v (':%)1 ()

where g 1y the Gibb, energy.  The problem is to
deterwine the wost appropriate method to
associate the Gibbs eneryy witn the ionic
conductivity. The difficulty arises from the
uncertainty as to whether the Arvhenius
equation:

J

o fi’- EXP(-h/KT) (3)

where h 1y the enthalpy, or a free volum
expression:

= EXP-t /R(T-T D) (4)
P

should be used to descritie the conductivity., As
will be shown below, the free voluse expression
leads to unreasonable results and thus the
Arrhenius equation will be used.

J.1.0 Arrtien us Analyni

The acsumption of Arviienius behavior lead, to an
activation volume:

iln dac L fos
L R R SR 3 | L

where the entropy, s, 1% given by g = h - Is,
Assuming that the electric field inside the
~ample is uniform:

G : .'A‘ ((;)

where A is the area of the electrode. and d -
their separation, it follows that:

ilns +1 \ .
heeme )

where 10 he dspthermagl compressibility,
Further, assuming that the only pres.oure
dependent terms in the pre-expunential are the
attempt mode frequencv, . , the number of
charge carriers per unit “volume, n, and the
mean squared jump distance, »r, that i-.

¢ (8)

o = Co
0 "

and also that the entropy is independent of

pressure, Equation {(5) becomes,:

e, (v)

v« -kT P a

In this expression, the attempt mode Grunei.wen

-11.5

~12 t :}T]

005 01 015 02 025
P{GFa)

Pigure 2: Ln(uionet ) vs. P(6Pa) for PEu_-Li(10,.
The data are: o-increasing pressure and x& 4
Decreasing pressure using nitrogen gas at 310, 2K,
S-Increasing pressure and +-Decreasing pressure
using Spinesstic JJ0oat 307000, The data are at
10,000 Hz.

parameter, ‘a is grven by

ooy ()
3 Ay

The cotpresabr ity ot pure Y00 0y 0,117001a)”
as reported by o b A valaes for conpleacd
FEU do net appedr to bo gvailable at preent,
this value will be w.ed for the compleaed
matertal aloo. There by conciderable anda quty
g4 to tec appropriate vaiue of 400 Uulk
Grancten constants for polvmers are on the
Grder of 6-10,07 unile pode Grupei e constants
range from Doad g about DUT8 Boweser, the
aftivation volure i relatively inoercitive o
the value of [ cince, for ., 7 tor eaarple, the
carrection fo tor an iquation {0 (0 ) 10 atout
O30y b ropeeant o difterence of
only about 1.7 in the activation volume,

noorder to be deternally consictent, dynamical

ditfusrgn theory will be uaed to eatiate 4.
A

Shecifrcally, 1t 1ol frow Flynn? that:

v JCp an

T cyuation ngs been used successfully in
similar applications for fonic cvystalsL 3
Inserting Tquation (11) into Tquation (9), the
working equation tecones:

(1)

The recultant values of the activation volumes
are Listed in the seventh column ot Tabde 1

Wy —a———
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Figure 3: Ln{ \UhmALu;’l) VS, lUUﬂ/I\!") Lo
PEy complexed with variua, alkali mety)
thioe, anates: (a) PLUG-LILEN (b PEdy - KLEH
{c) L. U-Ndbhﬁ.

. . -1 . A
Fiaure 40 Lnlyoho-om) D)ovs. 1OUG/ T Ty for
PLO corpleved wioth various alkali metal

\ N X

perchlorates. (ar P00, 5-Nallis (b} Filg-
Nalluy o) iDL -LiCIos.

wiing values at tao Larles enerty appros mated Uy
thie onthalpes deters tacd froee the slope on
figuies 5 oand

There are several irtece ting fealuve, of theee
reqaulte.  The wost booorlant trend 1 that in
gencral e activation vo e ancreaen with
botn the size of the <aton and anion. for
exgmple, v for PEOA oty v sapaticant by
Tar-ov U thoat tor By Wi e e e L
coptanaten o M reaafl i Lhat T
drfference s due to the difference in ize and
shape of the anions and that the anions are
mobile. [hat is, the tetrahedral perchlorate
ion requires nore volune increase of the polywer
matrix than does the linear thiocyanate ion in
order tor transport to take place. Also, it is
vossible that a larger nuiber of perchlurate
ions than thigcyanate ions may be mobile.

These considerations support the recent results
of wewton and Steelel3.20 and Sorenten and
JacnbaenZd which imply that the anions are

b le.

Of cource, o° caplanations are posoible, for
example, it iy not neeeswtary that the anions be
mobile. Their function may simply be to
decrease the tree volume, which should in turn
increase the activation volume for motion of
cations. However, the difference between PEO-
Naslh and PLO-NaCl0g seems to be too large to be
attributal.le to cation notion alone. (ther
explanations may be associated with morphology
or degree of crystailinity. {xperiments are
currently underway to ascertain the extent to
which such factors are influencing transport
processes.

Must trends shown by the remaining results are
also consistent with an argument based on ion

sices specifically, the activation volure for
Ve LG v i ber than for Phby-taiidg and

v otor PLog O, T ighit b sialior than tor
PLoa, - CNL The datter venalty are particularly
Staniticant since =lectrical relaration studies
Show that there ave severe lTocal distortions of
the polymer chainn in PEG-KSCH.E Finally, v
for PLua-Li0100 appears. to be larger wnan for
Pt bt thongn the diffevenoe iy nnt oo

Yo I ke et con plesad cateriat L

{
ara

The one Clear exception to the rule of scaling
of v with ion size is that v for I'0r-LISCN is
larger than for PI0Og o-NaSCN.  However, it
should be kept in wind that the LiS(h complexed
materials were prepared without taking gyreat
care to exclude water and were, in fact,
wynthiesized using hydrated LiSCN.2)
Consequently, the PEOg-LiSCN results may ve
anomalous as the role of the water has ;et to
be determined.

dext, information concerning the tran<port
mechanism can be obtained from further
-onsideration of dynamical diffusion thecry.

in particular, the values of +5 in ELquation (11)
necessary to predict the experimental values of
the activation volume are of interest. These
values of (5 have been calculated and are listed
in Table 1. It i< <een that the values are all
greater than 1.0, This implies that it is the
tow frequency interchain vibrations of the
polymer which control the ionic motion. This is
because intrachain mode Gruneisen parameters are
usually much smaller, typically 0.000-0.5 while
interchain ,'s arc larger than 1.0 {Ref. 28).
The reason for this is «imply that interchain
vibrations (chain-chain} are much more strongly
affected by pressure than intrachain vibrations
(motions within the chain). The difference is




enhanced by the smaller trogquencices which appear
in the denomnator ot the expre coon for
bguat ton 100 Lonseguent Ly, the picture ot

ion wotion in PLO sujgested by the resulty of
the present pressure work s that at high
tenperatures both anions and cations underqo
“interstice-interstice” hopping via low
frequency interchain vibrations. “Interstices”
are taken to be the spaces between the polymer
chains., The reason for choosing the
“interstices” rather tnan the chains them-
selves as the normal sites for both anions and
cations at hijh temperatures is that if the ion.
reside on the chains, the effect of pressure
should be to i1ncrease the conductivity since the
chains would be closer toaether at elevated
presoures s bar tinterstice-interstyce™ Jumping,
increased closeness, of the ¢hains should

inhibit the motion thus decreasing the con-
ductivity, as 15 ohaerved experimentaliy.

As an alternative transport sechanioe, the
intrabelical Jumping process, is often discussed
inoconjunction with these materials, sowe
cenients here are appropriate. This process s
ruled out by the Targe mode Gruneisen parawetoer
25 that transport pweohanism wourld require intra-
chain vibrations. However, chain-end bridoging,
whi h wust be assouiated with an intrahefical
Junping process in oreal wmateriaiy, would
probably require interchain vibration. and thus
such a process might be consistent with the
present results. However, the conclusion that
the intrabelical jurping process is not
dosinant an these matervialys s consistent with
the recent results of Paphe et al . lb

3.0 free Voluiee Analyaas

The pressure resulte can alse be uned to comrent
on tree volume theory as represented by
tgquation (4). FPaphe ot al 1% have whown that
on the basis of g configqurational “ntropy sodel
fauation {3) can be derived in ownich:
.
T g%

. o ¢ N
E'ﬂ (3N B QR

*
whoere Boas @ constant, S is a conti jarational
v and Ty s g parareter uwaaliy
accctated aith the glass transition
temperat are noorder tooune Peadation (d) to
corment on the activa® o volume, the tirst step
is to consider:

.!\i‘ Z.( -IO)
3 N Vi VIO 4 (x( QR

~»
assuming that 5 and B are independent of
pressure. The two terms in tquation {(14) are of
approximately equal magnitude if T, is iden-
tified with the glass transition terjperature
since, for polymers in aeneral, {T,/.0) is
about 16t/kbard? and tor PEO, T, ;‘!)AK"’ and
v -~ 30 emd/mol.  Using these nunbers, both terms
in parentheses are about 12x10-¢7 w3,

Vv {em3/mol)/ 1000

D3 . e |

250 300 350 400 450 500
T(K)

Prgure. b Activaton volure v, terye rgture
cateulated ustng cquation 1SS and trne valuyen
of the pararetier, qrven in the test,

Thewe censideration. have turther ivplications

concerning the gt ivat fon volaice, ang the

nature 9t T). Tt tollows tros bquation () o
{

o 0
b i & f

ali-t ) [ n- dn - gl -1(
{r-1 ( P

Hoang the e nacbers an above and values ot

G eV ey Yy (e S) G, and
3 R ma) LY tae values of the activation
volame ot vartous terperatures trodnoted by
Pouation (9 are plotted in Fraure 500 The
drecontinuity at T and Targe ceqat tve vataes
of oy for T et abeve g oave apsarent. o oIn tact,
At bSO whoeor e cheat the tenne s at gy Y
the preent esperaront . fquation G100 yire fde
vosol i eal L a et ive activat ton va e,

An wuch activation voluwes eerm dnap ropriagte
tor the present cyatemg b is concluded that i
tree volume theory T cannet be arteriacted g
e glass trarition terperature,

powever, 11 clear tnat the condac tivity 1,
alten non Avevenie o obeyana Daaat oo 08 md
Thn tree volure theory is waetul, o the
interpretation of Tn s unclear,  An

alternative interpretation 1o te attrsbute the
curvoture in the Arvhenae plote to S atsociation”
Dy andloay with tome crytals. a1,
asnoctation both with tan v and with eacd
other (1on pairie 1) must be consadered, S oar
contiderations have been suaggested proviogsly

by Papke et al M4 Ldditionally, the polvmer .
probably multiphase and thus some of the
curvature ray alao e attributaple to
equilibratton amona the varioens rhasec,

.30 Variation ot vowrtn Dreasare




Finally, a few comtents will be made concerning
the curvature of the In{G) vs. pressure plots,
The values ot boan taguation (1) ranqe from about
2 to 20(GPa)-<. Thewe values are not unphysical
as can be seen trom the following analysis.
Iynoring the correction term in Lquation (9),
the "compressibility uf the activation volume "
WAL be caleulated tros:

s Jdny CkTh (16)
V] 4 v

The results of the calculations are listed in
Table 1. 1t is seen tnat the compresaibility
of the activation voiur e range tror about 3. to
22. This aagrees with the theoretical
expoctationa”'b and the esperimental results W
in tonic crystals where the corpressibility ot
the migration volume 1+ found to be cn the order
of -0 tame, the oo pressiba bty ot the hoot
Tattice,

In sy, the ettelt ot presaure on the donic
conductivity n alsalr metal percalorate and
thiocydndte corglexed D20 gy been tcdaured.
The pricary results are as ol tows.

L The activation vel oo Loaldo, with the i
ot botn the antgn gt teeo citron, o T cieplet
explanation of thi. 1, that soth Lo amoens and
Cation. are sobyle.

\tv‘ Phoe cejorivwnt b eenu bt tor tue Jetiuat g

VO o e T quod g reetent vitthe the

foe e et a dun it on ey sty
¥

an atteopt pede Grones sen o parameter ot obaut V.
e reclies that e rotion ot the 1ons s
wverne D hy antercnain vibrations thus

favoaring anterstice-anterctioe hoppine o the

.
" P Joiame aral, s Tead  tooa tegqative
R R S P I S R ARL N TS R AP S R A AT
gl transition terperature. Lonseguentlyy
curvature in the Arrhen:u. plots pay ietter e
peterpreted s terss of Cascotiation” ot the
vt the anae or with each other.  In
art e e ot on of 0o udtipha e o, te
Wt e e,

(db o Tne con, e T ot e gt rvation

volume 1o tound te be abioul an order ot
gt Lude Larger than the conprescibrlaty ot
the host polyier,
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NOTE ADDED IN PROOF | ' 1

After the completion of the work described above,
two experiments were performed which extend and
support the results reported above. First,
careful differential scanning calorimeter (DSC)
measurements were performed on all samples using

a DuPont 990 DSC. The data for PEO4 5-NaCl04

and PEO4 5-NaSCN were extremely similar consisting
: of a weak, narrow melting at low temperatures (20-
| 30C), a stong, narrow melting at high temperatures
’ (150-180C), and a weak, broad endothermic event
between these two peaks. This supports the
“comparison of these two materials at all
temperatures. That data will be presented in
detail elsewhere.

Second, the temperature range of the pressure
measurements was extended to 350K for the two
most important materials, PEO4.5-NaCl04 and
§ PEO4 ,5-NaSCN. The results for PEO4 S-Namo4 can
‘ be represented by: *

1n(6(a"')) = -7.9 - 10.2P + 4.6p°

and 4
In{6(a™")) = ~8.0 - 7.3P

describes the data for PEO4 5-NaSCN. The latter
material was a hot-pressed sample provided by
Northwestern University while the former was a
film prepared in our laboratory. These results
lead to activation volumes of 30.2 and 22.0
cm3/mol, respectively. Once again, the activation
volume for PEO4 5-NaClOg4 is found to be much
larger than for PEOg 5-NaSCN. Consequently, this
extends and supports the arguments above concern-
ing fon size effects on v and the resultant con-
conclusion concerning anion motion in these
materials. Next, the activation volumes are
smaller at 350K than at Tower temperatures though
not small enough to change any of the arguments
presented above concerning the transport
mechanism. That is, since ya=1.72 and 2.38(1.29)
for these materfals at 350K, these are still much
larger than would be expected for intrachain mode
gammas. Finally, 1t is noted that the extremely
large decrease in v (26.4 to 15.9 cm3/mol for

313 to 350K) as temperature increases which is
reported by Chadwick, Strange, and Worboys for
PEO4 5-NaSCN at this conference, is not reproduced
in the present work. However, it is noted that
the PEO4, 5-NaSCN studfed at 350K in the present




work was hot-pressed while that of Chadwick et
al. was a film. Consequently, some of the
difference may be due to the difference between
the preparative techniques. In support of this,
the PEQ4.5-NaSCN films studied in the present
work showed significant curvature while the hot-
pressed samples did not. Further, the zero
pressure slope for the hot-pressed sample is
about 10% lower than for the film. In addition,
the PEOg 5-NaCl04, which is a film, does

exhibit a somewhat larger decrease in activation
volume as temperature increases (38.5 to 30.2
cm3/mol for 310 to 350K) than does the hot-
pressed PEO4 5-NaSCN. However, the decrease is
still much smaller than that observed by
Chadwick et al. Whatever the magnitude, it is
clear that v does decrease with increasing
temperature. Some decrease {s expected since,

as temperature increases and the polymer expands,
the free volume increases and thus the activation
volume should decrease. However, the decrease in
activation volume appears to be too large to be
explained by this effect. Rather, these results
may represent evidence for an "association"
process occurring in the polymer. In such a
model, the large decrease in activation volume
follows since at low temperatures there is a
"volume of formation" for the associated ions in
addition to a "motion volume." The activation
volume then decreases because the “formation
volume” decreases due to increased "dissociation"
as temperature increases.
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